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EVALUATING THE USE OF SMARTPHONE MEASUREMENT 
APPLICATIONS FOR CRIME SCENE DOCUMENTATION 
 
 
ALLISON BROWNING PLAFCAN 
 
ABSTRACT 
As smartphone technology continues to evolve, it begs the question as to whether 
or not smartphones could be used by crime scene investigators.  Crime scene 
documentation is a time-consuming task when using a standard tape measure compared 
to advanced techniques (such as 3D scanners).  However, these advanced techniques are 
expensive and take time to set up.  Measurement applications could potentially serve as 
an affordable and sufficient alternative.  Therefore, it’s important to understand how 
accurate these applications are as well as how well they work for measuring crime scenes 
and forensic evidence.  
Eleven measurement applications were downloaded (onto an Apple iPhone XR) 
and evaluated and then narrowed down to four applications to be used in this study.   
Several parameters were assessed in all eleven applications.  Factors such as tools 
available, effective maximum distance, ease of use, and accuracy were tested.  The 
applications that best met all criteria were used for this study.    
First, the applications were used to measure several known dimensions such as a 
ruler, then they were used to measure room dimensions, outdoor scenes, footwear 
impressions, and bloodstains.  Accuracy was assessed by comparing the results from the 
applications to the measurements made from a standard tape measure or ruler. Standard 
vi 
deviation of all measurements was calculated and compared against one another.  
Feasibility was evaluated by recording the amount of time that it took to conduct the 
measurements and comparing the times to one another. Adaptability to various 
environments was also factored in when evaluating feasibility.  Overall, the applications 
Tape Measure and MagicPlan were found to be the most accurate and feasible applications 
to use for crime scene measurements.  Moasure was found to be the least efficient and 
precise application in this study. 
Measure, Moasure, MagicPlan, and Tape Measure serve as an affordable, fast, and 
easy presumptive tool for crime scene documentation. In the future, these applications 
could be used to document crime scenes, and could assist particular agencies with 
insufficient monetary resources.  While the applications selected (Measure, Moasure, 
MagicPlan, and Tape Measure) proved to be accurate, additional tests should be conducted 
before being implemented exclusively by investigators.  With continual progression in 
modern technology, substantial improvements are anticipated that encompass these 
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1.1 Crime Scene Documentation 
 
Securing and processing a crime scene are two of the first things that is done once 
a crime has taken place. The ability to recognize, collect, and preserve evidence in a 
proper manner is the primary responsibility of crime scene investigators. First, one 
must secure and protect the scene and then conduct a first assessment, followed by 
documenting the scene. Documentation includes photographs, notes, and sketches, all 
of which must be prepared in a systematic and logical manner.  Investigators are 
essentially mapping the crime scene, which consists of annotating and recording 
measurements of the scene and items found within the cordon (1). Visual layouts of 
the scene can depict important parts of the scene and important pieces of evidence.  
These depictions allow one to better understand and interpret the relationship between 
items of evidence and the scene itself.  The process of mapping and measuring can be 
disruptive since it requires investigators to move around the scene or move items of 
evidence in order to take measurements.  This process can only be done once, so it’s 
crucial that it’s done correctly.   
 
1.2 Traditional Measurement Methods 
 
At times forensic scientists rely on measurements to help validate their opinions.  
This realm of forensics is called forensic metrology, or the application of scientific 
measurements to the investigation of a crime (2).  For crime scene investigators, 
measurements can be utilized to reconstruct crime scenes. Traditional techniques used to 
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measure or map a scene typically include a tape measure, laser, or total station.  
Depending on the type of scene, there are various mapping methods that one can use.   
1.2.1 Mapping Techniques 
 
Mapping methods include rectangular coordination, triangulation, baseline 
coordination, and polar coordination.  Rectangular coordinates require two separate 
measurements on a nearby wall to an item.  Triangulation is a preferred method since it 
fixes an item in place.  A set of measurements are taken from two points on the item 
(which can be taken from the center or from either end of the item) to a set of fixed 
reference points.    While rectangular coordinates and triangulation are helpful for indoor 
scenes, baseline coordinates are better suited for outside scenes without any definitive 
landmarks.  The baseline must be a fixed straight line somewhere near the item of 
evidence.  The item is then measured at a right angle to the baseline, where each item is 
fixed with two measurements.  Polar coordination is another method for an outdoor crime 
scene, especially where the evidence is scattered randomly over the scene (plane crashes, 
bombings, and scattered remains).  This involves measuring the horizontal angle, 
horizontal distance, and difference in elevation. Total station mapping is similar to polar 
coordinates, where a sighting device/laser takes three measurements (horizontal angle, 
vertical angle, and slope) from a known datum point.  The total station lasers are able to 
produce more precise measurements (1).   
As technology continues to develop, investigators are starting to steer away from 
more traditional measurement tools, such as tape measures.  It can be argued that tape 
measures lack accuracy, speed, and objectivity of more advanced measurement tools.  
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For example, if two technicians try to measure a certain long distance with a tape 
measure, it can sometimes be difficult to keep the measuring tape taught enough to get a 
correct measurement.  Furthermore, one technician could be on the ground with one end 
of the tape measure while the other technician is bending over on their end, also leading 
to an incorrect distance.  Weather conditions can also play a role; if measurements have 
to be taken outdoors on a windy day, the wind could move the measuring tape around.  
All of these variables can lead to incorrect positions of evidence in the final sketch, which 
could affect the interpretation of the crime scene.  It can also be debated that scenes 
measured by hand and sketched by hand lack objectivity since it’s not computer 
generated. For instance, external factors may affect the sketch artist such as weather, 
stress, and fatigue, while data entered into a computer program operate without those 
external stressors resulting in a more objective image and interpretation of a scene. The 
computer will also establish parameters that are taken into account by the program in 
order to generate an even more accurate depiction of the crime scene instead of a hand 
drawn sketch that could be overrun with inaccuracies and mismeasurements due to the 
aforementioned external factors.   
   
1.2.2 Total Station Mapping and 3D Scanners 
 
As technology continues to progress, so too have the techniques used in crime 
scene mapping.  Total station mapping, drones, and three-dimensional (3D) laser 
scanners are just a few examples of new developments within the forensics field.  3D 
4 
scanners can be broken down further into devices such as photogrammetry, time of flight, 
or structured light techniques (3).   
Over the past ten years, investigators have turned to more advanced techniques 
such as laser scanners for crime scene documentation.  The laser scanner was first used at 
a crime scene in 2004, where a truck fire destroyed a steel bridge (4).  The scene was not 
safe enough for responders to take measurements, so the laser scanner allowed 
investigators to take accurate measurements of the scene at a safe distance.  Many post-
blast crime scenes rely on 3D scanners for scene reconstruction due to the dangerous and 
sensitive nature of the scene (5).   The scanners are fast, easy to use, and have greater 
storage capabilities compared to other devices such as total station.  One study compared 
the accuracy of laser scanners to total station mapping by looking at small to medium 
sized outdoor scenes.  They found that measurements from both techniques were within 
0.8mm of one another.  Due to the increased use of these scanners, questions have arisen 
with regard to their admissibility in court.  3D scanners require extensive calibrations and 
operator knowledge in order for them to produce accurate measurements.  The foundation 
of these laser scanner systems is a type of sensor (either a complementary metal oxide 
semiconductor (CMOS) or charged-coupled device (CCD) sensor) which gathers 
information of a particular space and then generates a map of the space. A room is 
scanned typically around three times, which takes approximatley30 minutes (6).  The 
measurements are highly accurate and sometimes even texture and color features can be 
depicted.   
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Despite their quality and accuracy, there are a few challenges that can occur with 
these systems (7).  It’s important to keep in mind that not all crime scenes are going to be 
the same.  Some might be in a pristine environment, while others might be in a dark 
wooded area.  The lighting and surfaces will therefore be different from one scene to the 
next.  Since the sensors of the 3D scanners are sensitive to the environment, they have to 
be adjusted on site, which can take up an extensive amount of time (7). It can take up to 
20 minutes to prepare the scene for the scanner (6).  In ambient light or direct sun, darker 
objects will absorb the light, therefore affecting the sensor, where the sensor isn’t getting 
enough light.  This in turn can affect the generated data points.  Other challenges include 
coverage of the whole room, to where it’s not always possible to scan all surfaces.  Some 
spaces can be more crowded than others (7).  While these scanners are very accurate and 
fast (once it has been set up), they are also expensive, with prices ranging from $300 to 
$80,000(8).  The size, weight, dependence on a power supply, and having to do multiple 
scans for complex scenes are some other disadvantages of using a laser scanner (6). 
Geographical Information System (GIS) is another way in which investigators 
map crime scenes, specifically for more rural outdoor environments.  It’s especially 
important to document evidence in rural environments by using a national grid.  
Recently, a mobile application has been specifically developed for larger outdoor disaster 
sites.  The device performs a wide range of tasks for each item of evidence, including 
providing a location for the evidence, error margins of the location, bar codes for the 
evidence tags, and a reference photo.  The information is then transmitted to the 
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command post.  The location has been proven to be accurate within 1 centimeter (which 
is the same accuracy as total station) (9).   
While larger agencies such as the Federal Bureau of Investigation (FBI) can often 
fund large purchases, smaller law enforcement agencies might not be able to afford these 
technologies due to limited budgets.  While these agencies can always strive toward that 
goal of purchasing a laser scanner, it would be beneficial if there were more affordable 
and more efficient tools compared to a tape measure.   
 
1.3 Development of Smartphone Measurement Applications 
 
Applications (apps) can be interpreted as “gateways” or shortcuts to internet websites.  
The iPhone Operating System (IOS) App Store has over 350,000 apps alone with over 10 
billion downloads (10).  In addition, smartphone sales have increased substantially over 
the years, where in 2012, 680 million phones were sold and in 2016, 1.5 billion phones 
were sold to consumers.  A 37% increase in sales from 2016 is expected for next year 
(11). With the emergence of 5G smartphones, sales are expected to exceed one billion 
worldwide by 2025 (12).  Along with this increase in smartphone sales, there has also 
been an increase in the number of augmented reality (AR) based apps downloaded and 
actively used by various industries.  In 2019, 2.2 billion AR based apps were downloaded 
and utilized (13).  As smartphone capabilities continue to progress, it begs the question as 
to whether or not they could be used at a crime scene. Studies have shown that wearable 
AR devices not only improve performance and productivity of workers, but also help 
ensure safety within manufacturing industries (14) .  Major smartphone companies, such 
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as Apple and Samsung continue to produce new apps with each new one more efficient 
than the last.  In modern times, most people have or utilize a smartphone in their personal 
lives as well as in the workforce. They can do practically anything, from making a phone 
call, taking pictures, giving directions, internet browsing, to taking measurements.  
According to one study, measuring apps have been downloaded more than 2 million 
times, worldwide.  Out of the thousands of AR apps, eighty of those are measurement 
apps (15).  These apps could be used for everyday use, but also forensic use. 
1.3.1 How Augmented Reality Works 
 
In order to properly assess the features of these apps, it’s important to understand 
their underlying systems.  Most of the measurement apps rely on AR.  The first AR 
system was created in the 1950’s by Morton Heiling (16).  The term augmented reality 
was first coined in the early 1990’s by scientists Caudell and Mizell.  Eventually 
ARToolkits were created for AR based smartphone applications (17).  As AR continues 
to advance, more smartphone companies are using this technology for their apps (16).   
Augmented reality is an interactive experience which allows someone to sense 
things that they are not normally able to sense in the real world. This can be in the form 
of vision, hearing, or touching. AR has three basic functions; it combines objects in the 
real world and virtual objects on a device, runs in real time, and it allows the user to 
interact with the virtual objects.  AR can be defined as a combination of a local transport 
system and a virtual environment. The local system is based on the actual interaction 
between the user and the space they are in, whereas the remote system is where the user 




Figure 1.  Virtual Reality Range Displaying the Convergence of a Real Environment and a 
Virtual Environment. Mixed reality is a combination of the real environment and virtual 
environment.  The yellow ruler (virtual environment) displayed over the apple (real 
environment) is an example of the AR system in measurement applications. 
 
      
Before an AR system can be used to produce accurate results, the device must 
first be calibrated.  Calibration involves the process of measuring several variables, such 
as the camera parameters, field of view, sensor offsets, object locations, as well as any 
distortions.  Recently however, researchers have developed a calibration free AR system 
(19).  
There are four main components that are needed for the AR system to work 
properly.  This includes a video camera, tracking system, graphing processing module 
(GPM), and a display (Figure 2).  The tracking module is the most important part of the 
AR system as it allows the device to get the correct position of a particular object. It 
measures the position and orientation that the camera is in (in real time) by giving six 
degrees of freedom (6-DOF).  This includes orientation angles (pitch, roll and yow) and 
x, y, and z coordinates.  The GPM then uses the 6-DOF values to take the images from 
Mixed Reality
Real Environment Virtual Environment
Augmented Reality
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the camera and add them onto the virtual object.  The images are then transferred to the 
display screen.  
 
Figure 2.  General Setup of an AR System Including Sensors, Video Camera, GPM and a Display.  
The information from the video camera and sensors are transferred over to the graphic processing module, 
where they are then processed and projected onto the display screen of the device.  
 
      
There are three different types of tracking modules; marker and markerless vision 
based, sensor based, and hybrid tracking based. The marker-based system can work in 
two different ways.  In one way, it can match the pattern of a particular item in the virtual 
world and place that object where the user wants it to be.  The second way it can work is 
the same way as the first, but it uses a special decoding algorithm.   Each marker is given 
a unique identification (ID) number, and the algorithm is able to then encode each ID.  
Once the ID is encoded, a virtual object is then assigned to a specific location within the 
system.  Markerless systems use natural features within the user’s environment and are 
reported to be more accurate than the marker-based system.  The basis of this system 
relies on recognizing key points.  It’s important that no fast movements be made, and it 
















systems have long processing times and are not as accurate as a sensor-based system, 
although most of these systems work from a wide range of distances. The sensor-based 
system is the most popular system, as it is faster and more reliable, although it’s not as 
accurate with sudden movements.  The system uses sensors such as ultrasonic, GPS, and 
inertial (the most popular).  While the inertial sensor is not affected by changes in light, 
it’s not as accurate as the other sensors.  Other sensors can include 9D IMU (nine-
dimensional inertial measurement unit), video cameras, and RFID (radio frequency 
identification) devices.  
All smartphones have a number of built in sensors and the number of sensors within 
the phone will vary between models.  Types of sensors can include an accelerometer, 
gyroscope, compass, GPS, microphone, camera, temperature, and light sensors.  Different 
apps will require different levels of sensor quality, depending on the complexity of the 
app. The accelerometer and gyroscope, responsible for most measurement apps and other 
AR based apps, can be categorized under a microelectrical mechanical system (MEMS) 
(18).  MEMS is a type of technology used to construct complex devices and systems on a 
smaller (micrometer) scale.  The transducers (microsensors and microactuators) within 
the MEMS are able to convert any real-world signals from one configuration of energy to 
another.  This is typically in the form of converting a mechanical signal to an electrical 





1.4 Previous Studies 
 
There have been very few scientific studies on measurement apps, but a few that have 
been conducted examined MagicPlan CSI.  Elkin et al. conducted a study on the accuracy 
and precision of the MagicPlan CSI, where they measured a room three times with two 
different smartphones.  They noted some GPS issues with the app, as the GPS was not 
able to locate their exact position (although users are able to manually enter in their 
location).  They experienced deviations up to 7% when measuring the walls and 
comparing those measurements with a tape measure.  They also compared the speed of 
the two methods and found that traditional measurement techniques took 10 minutes, 
while the app took 30 seconds (21).  They noted the advantages of the app were that it is 
accurate, relatively precise, and efficient and it doesn’t require a reference object.  One 
disadvantage of this app, is that it is not practical for outdoor crime scenes, since it relies 
on the corners of rooms to make measurements (21).  
Another study, conducted by Baechler et al., looked at several different smartphone 
apps, evaluating their advantages and disadvantages.  They assessed the battery life usage 
in addition to the range of tools and sensors (2).  One of the apps this study looked at was 
MagicPlan CSI.  According to the manufacturer, the accuracy of this app is 95%, since it 
is more tailored to the field of forensics (22). One advantage of MagicPlan CSI is that the 
data is stored in a secure server, so once the investigator has all the documentation they 
need, the information is then erased from the system.  This is very important when it 
comes to sensitive information taken from crime scenes (23).   
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Recent developments within law enforcement include handheld and head mounted 
AR devices used for crime scene investigation.  One study examined the effectiveness of 
the handheld devices.  Developers of this AR system contended that it promotes 
collaboration as well as situational awareness.  The smartphone is strapped to the wrist of 
investigators, and at the same time, the video data is transferred over to the laptop of a 
remote investigator.  Virtual data and objects can then be overlaid on the video screen.   
This is especially useful for crime scene investigation, as things can easily be overlooked.  
However, with a second set of eyes, evidence will less likely go unnoticed.  The wearable 
computer proved to result in faster performance by investigators with the same quality 
reports compared to if the reports were written by hand (24) . 
 
1.5 Preliminary Assessment of Smartphone Applications 
 
A preliminary assessment of eleven apps was made, prior to narrowing the number of 
apps used in this study to four.  The features of each app were tested, and observations 
were noted. A table summarizing all eleven apps was also created (Table 1).  Factors 
such as tools available, effective maximum distance, ease of use, and accuracy were 
tested.  The apps that best met all criteria were then selected to be used in this study. 
 
Measure 
For this app, the user places a virtual data point at one location by tapping the 
screen in order to establish a starting point. Next, the user will move the device to the 
next desired point and taps the screen in order to establish the second point.  The app will 
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then calculate the distance between those two points.  When testing this app, it was not 
only able to measure the distance between two set points, but it was also able to 
automatically recognize basic shapes.  It would recognize shapes such as a coaster, index 
card, floor tile, and electrical outlet (Figure 3).  The app then automatically generated a 
measurement on all sides of those shapes. However, consistency became a problem with 
this feature.  It wasn’t able to recognize a textbook but was able to recognize the 
notebook underneath it during some instances and could recognize the textbook in other 
instances. This could have been due to the angle the phone was being held at or possibly 
the distance of the phone from the object. Another factor could have been that the surface 
of the book was not a plain enough surface (like the notebook).  When measuring the 
book, by placing a virtual data point on each corner, the sensors were able to recognize 
the corners and edges of the book.  The phone would vibrate when the pointer was at one 
corner, and when connecting the line to the other corner, it would automatically go to the 
next corner, almost like a magnet.   It was also observed that if the user walks too fast 
while holding the phone, the app will notify them to slow down.  One notable 
disadvantage of this app is that it doesn’t perform well in dimly lit or dark rooms.   
14 
  
Figure 3.  Screenshot from Measure App of Measurements of an Electrical Outlet and Tile.  Measure 
is able to recognize and automatically measure basic shapes such as an electrical outlet and a floor tile. 
 
Tape Measure 
Once Tape Measure is downloaded onto the phone or tablet, it gives the user a 
tutorial (Figure 4).  This app measures in both metric and imperial units and it saves all 
the measurements that are taken.  The user can download those measurements to their 
computer or send as a text or email. 
There are several types of tools the user can choose from in this app. These 
include surface measure, painting, angle, floor plan, stud finder, triangulation, laser 
distance, 3D cube, air brush, field stencils, trajectory, vertical height, wall draw, TV 
sizer, laser level, and bubble level (Figure 5).  In the surface measure option, it is able to 
recognize flat surfaces where the user can then pick a point on that surface and measure 
to another point.  The ruler will essentially latch on to the points.  When testing this 
feature, it did not seem to be accurate, as the points didn’t match up when measuring 
certain surfaces. Another unique tool is the painting tool, which allows the user to see 
what a photo or painting would look like on a particular wall.  All the user has to do is 
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select the wall they want and upload a picture from their photo library.  The floor plan 
tool option measures all of the walls within a room and then generates a floor plan based 
on those measurements. The stud finder is able to detect any type of metal stud.  The 
phone will light up and vibrate if metal is present.  For the triangulation measure tool, the 
user picks two points on each end of an object and the app will measure between those 
two points.  Although, the tutorial is not very clear as it doesn’t show the user where 
exactly to place those two points.  The laser distance tool is easy to use, and measures far 
away distances.  The user picks a point and walks away from the point and while the user 
is walking the app will continuously display the distance.  Another additional feature of 
Tape Measure is the color-coded virtual data points.  When measuring from one point to 
another, the virtual circle in the middle of the display screen will change color depending 
on the position of the device. The color green means the virtual data point is at a good 
position (or at an edge of a wall or object), but when it’s red the point is not close to the 





Figure 4.  Tutorial for Tape Measure Application.  Tape Measure’s tutorial providing instructions on 
how to measure the diameter of a virtual table. 
 
  
Figure 5.  Angle Measure, Bubble Measure, and Stud Finder Tool Found in the Tape Measure 







Cam to Plan 
Once downloaded, the user’s device must first be calibrated.   In order to calibrate 
the phone or tablet, the user must stand up and move their device back and forth over the 
floor.  This app works best in ambient light but also works in darker environments.  If the 
user is in a dark room, the flashlight on their device will automatically turn on. Cam to 
Plan has three modes; horizontal, vertical, and expert.  In the horizontal mode, the user 
places a virtual point on one corner of the room and drags the ruler along the wall to the 
next corner.  A floor plan is then generated and saved (Figure 6).  When testing this 
feature out, it was difficult to get an accurate measurement with furniture in the room.  
When measuring a studio apartment, which was actually 352 square feet (based on 
blueprint dimensions), the app measured it to be 332 square feet.  In the vertical mode, 
the user places virtual flags on either end of the wall they want to measure, and then a 
virtual grid pattern is generated on that wall.  The grid pattern makes it easy to measure 
walls, doors, and windows, although it only allows the user to do one wall at a time.  This 
mode seemed to be more accurate than the horizontal mode.  In the expert mode, it 
combines both the vertical and horizontal mode.  Once all surfaces have been measured, 
the app generates a 3D image of the room.  The user is then able to export all of their 
plans to their computer.  This app measures in meters, feet, and inches.  There’s also a 




Figure 6. Floorplan of a Studio Apartment Generated Using the Cam to Plan Application.  The 
floorplan was generated after measuring the perimeter of a studio apartment using the Cam to Plan app.  2D 




Once an account is set up, the app gives the user a series of video tutorials.  The 
user can then take a picture or upload a picture from their photo library and then add 
measurements they took themselves.  Unlike most of the AR apps, My Measures doesn’t 
measure anything automatically.  It’s essentially an easy way to store and capture all 
kinds of measurements, and then share or download them onto a computer.  The app was 
a little confusing, as the tutorials don’t show how to use all the tools within the app.  
There were also some technical glitches; sometimes after pressing the “done” button, it 
either wouldn’t work or the screen would freeze.  Exiting out of the app would be the 
only way to get back to the home page. This app seems to be more useful for contractors 




Once downloaded, a virtual ruler fills up the entire screen of the user’s device.  
The user can then easily slide the virtual markers on the ruler back and forth.  There is a 
digital readout as well, in centimeters and inches.  The ruler only goes up to 14 inches, so 
it’s difficult to measure anything larger than the user’s smartphone.  It also has a bubble 
level, but it’s not as accurate if the phone or tablet has a case.  For an upgrade, the user 
can use the camera to measure objects.  Although, the directions are not very clear for 
this part.  The user must first take a picture of a reference object, such as a coin.  The app 
will then generate all future measurements based off of that reference object.  When this 
feature was tested out, the reference measurement was slightly off, therefore all future 
measurements were inaccurate.  A pen was measured, and the app reported it to be1.73 
inches when it was actually 6 inches.  One nice feature of the app is that it zooms in when 
you’re dragging the arrow from one point to another, which allows for better accuracy.  




This app uses the accelerometer and gyroscope sensors within the user’s device to 
measure instead of the GPS, camera or internet.  Once downloaded, the user is able to 
choose various units such as meters, centimeters, feet/inches, or inches. The app only 
works for iPhones or a Moasure device.  If the user has an iPhone case, the app will ask 
for the dimensions of that case, so it can take that into account when making 
20 
measurements.  Once the dimensions are entered the app does six calibration steps.  The 
user must hold the phone stationary against the wall, making sure the arrow on the screen 
is always pointed up.  Once it’s calibrated, it is ready to use and doesn’t have to be 
calibrated again.  There are several different measurement features including small and 
long distances, space of a room, height, thickness, pipe/cable run, angle, level, gradient, 
2D shapes, and 3D shapes.  In order to measure something, the user places the phone at 
one point and moves it to another.  The app notifies the user when to put the phone down, 
when to move it, and when to pause between movements (Figure 7). For longer distances, 
the app requires four second pauses, which allow for greater accuracy. One nice feature is 
that the user can take five separate measurements at once of one object or distance, and it 
then generates an average of those measurements.  If the user doesn’t keep the phone 
steady while measuring, the numbers won’t be as accurate.  The app will give the user a 
notification and tips on what to do and what not to do when measuring.  The space 
feature of the app takes a little practice, as it can be confusing.  The user places the phone 
vertically on the wall and moves it to another wall.  It will then generate the total 
measurement of those walls.  The user can measure three walls at once, but challenges 
arise when fast movements are made while moving the phone from one wall to the next.  
For the height feature, the user places the phone at one point and moves it up or down to 
another point.  It’s important to keep the phone level.  If the user is not gentle with 
placing the phone down, the results will be inaccurate.  In order to use the other features 




Figure 7.  Step by Step Tutorial for the Moasure Application.  The user must place their device at one 
point and then move it to another point in order to measure.  The sensors within the phone are able to detect 
how far the device was moved. 
 
PLNAR 
When first downloaded, the app asks to access the user location.  It was not able 
to accurately capture the GPS location, but there was an option to enter in the location 
manually.  Before taking measurements, the user must calibrate the phone by waving it 
over the floor.  The phone will not calibrate in a dark room, but it will work in total 
darkness once it has been calibrated in the light.  Once the user places the virtual data 
point on all corners of the room, it will generate a floor plan based on those 
measurements.  It can also measure the height of walls, doors, and windows.  
Additionally, the user can add photos from their photo library or take photos directly 
through the app.  Another nice feature is that the phone vibrates once the user places a 
point in a corner.  The virtual laser lines make it easy to locate and align the points in 
each corner.  Like with most of the apps, it’s hard to use when there is a lot of clutter or 
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furniture in the room.  Once a project is complete, it can be downloaded and shared with 
others.  Although this app is great for indoor spaces, it doesn’t work for measuring 
smaller objects or outdoor environments.   
 
Measure 3D Pro 
This app seems to be fairly accurate, although the tutorials are not clear.  There 
are several different measurement tools.  One of the tools measures the distance between 
someone’s eyes.  Another tool allows the user to virtually draw any shape on the screen, 
and it will calculate the surface area of that shape.  Other tools will calculate the 
circumference and diameter of any size circle set by the user.  The app didn’t seem as 
accurate with measuring vertical heights, but it works better with horizontal distances 
(long and short), although it can’t do multiple measurements at once.  If the user wants to 
measure a room, they would have to take separate measurements for each wall.  Other 
features include measuring a person’s height and measuring the size of a square or cube.  
The app doesn’t work in complete darkness but does work in dimly lit rooms.  The 
zoomed in feature on the right-hand corner of the screen makes it easier for the user to 
get to the exact point they want to get to.  The app also allows the user to take pictures of 
all their measurements, download, and then share them.   
 
Field Area Measure 
This app is made for use in large outdoor locations, where it will measure the 
distance or area of any given environment (Figure 8).  It works in GPS or manual mode 
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options, but it can be a little difficult to learn how to use since there are no tutorials.  
Although the GPS satellite images are not updated, it still seems fairly accurate.  The user 
can upgrade to a premium subscription and can manually download aerial photographs or 
coordinate locations.  The measurements can then be downloaded and exported as a 
Portable Document Format (PDF).  When trying to determine the area of a given space 
using the manual mode option, it can be difficult to get the exact measurements or points 
of interest.  This app would be best to give a rough estimate of a given area rather than a 
more exact measurement. 
 
Figure 8.  Screenshots from Field Area Measure of the Perimeter of a Baseball Field and Larger 
Outdoor Area.  Users are able to measure the preimeter and area of any given space, taken from satellite 
images. 
 
Easy Measure AR 
This app does the basics when it comes to measurements.  It can measure distance 
and surface area.  Although it can measure long distances, it is more accurate with shorter 
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distances.  The app does not work in complete darkness, but it does have a flashlight 
which helps in darker environments.  The user can measure multiple objects or distances 
at once and take a picture of their measurements and then save them.  The virtual 
crosshairs are a little difficult to manage when trying to mark a certain spot.  
Measurements are only given in yards and meters, which is not the most helpful. 
 
MagicPlan  
When the user first downloads the app, they must create an account.  While 
creating the account, they can choose a category that they work in; personal, real estate, 
construction, surveys/inspection, crime/fire, or other.  This app is very easy to use and 
creates a detailed floorplan.  Once the floorplan has been created, the user can rotate it, 
zoom in, add objects, add rooms and view it in a 3D mode (Figure 9).  The app can even 
provide further details including, surfaces, perimeter, volume, number of rooms, 
doors/windows, ceiling height, interior and exterior wall thickness.  When creating a 
room, the user must first select the room type (bedroom, kitchen, bathroom, etc.) and 
indicate whether it is residential or commercial.  The user can go from measuring the 
perimeter of a room, straight to wall height and then add windows and doors.  When 
measuring wall height, the phone can scan one wall and it will automatically measure the 
height of all the walls within the room.  Despite its ease of use, it still is hard to take 
measurements when furniture is in the way.  One nice feature is that the virtual crosshairs 
will turn color depending on the position and angle of the phone.  If it is green, that 
means the phone is in a good position, and when it is red, that means it’s not in a good 
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position.  When adding doors and windows, the app will automatically recognize what it 
is, once the user positions the phone or tablet in front of the door or window.  The user 
can then choose what kind of door and window it is.  The direction the door opens can 
also be adjusted by the user.  When adding objects to the room, the user can set 
dimensions of those objects.  Once the rooms are created, the user can then easily rotate 
and merge those rooms.  
MagicPlan CSI is becoming a popular app for law enforcement to use at a crime 
scene.  The CSI version has features specifically designed for crime scene investigators.  
Users can edit and save measurements at a scene, add evidence types and locations, add 
reference points, and can add additional case information.  The reports can then be saved 
on various formats and shared (21).    
 
Figure 9.  Overview of a Floorplan Created from MagicPlan.  Users are able to scan the room with their 




Figure 10.  List of Household Objects Available to Add to the Floorplan in the MagicPlan 
Application.  Users are able to choose from a variety of objects (furniture, windows, doors, and 









Table 1. Initial Assessment of Eleven Measurement Based Applications.  This table summarizes the 
underlying system of the applications as well as what environment they best work in and the range of 
distances they are best suited for. 
 




















Application System Environment Range 
Measure AR Indoor/outdoor short-long 
Tape Measure AR Indoor/outdoor short-long 
Cam to Plan AR Indoor medium-long 
My Measures N/A Indoor/outdoor short-long 
Ruler Camera Indoor short 
Moasure  Sensors Indoor medium-long 
PLNAR AR Indoor medium-long 
Measure 3D AR Indoor/outdoor short-medium 
Field Area Measure Satellite images Outdoor long 
Easy Measure AR AR Indoor short-medium 
MagicPlan AR Indoor medium-long 
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• Tape Measure Measurement App for iPhone by ©Lean Labs 2018, 95.6 MB 
• MagicPlan by ©2011-2019 Sensopia Inc., 121.9 MB 
• Moasure by ©2016-2019 3D Technologies Ltd., 102.7 MB 
• Measure © 2018 Apple Inc. 
• Apple iPhone XR © 2018 Apple Inc. 
• 12” Ruler 
• Tape Measure 
• 8 ½ by 11-inch piece of paper 
• Candle 
• Table 
• Simulated Blood 
o 44 grams of cornstarch 
o 80 mL of water 
o 160 mL of corn syrup 
o 8 grams red food coloring 
o 2 drops of green food coloring 
• White Banner Paper 






Measurements were first taken of several known dimensions (ex. ruler) and then 
larger areas (indoor and outdoor) and dimensions that one could find at a crime scene 
(footwear impression and bloodstains).  Ten replicate measurements were taken with a 
ruler or tape measure and then with the apps, for each of the distances. When measuring 
with the apps (Measure, Tape Measure, MagicPlan), the starting location was entered by 
tapping the screen on the smartphone.  The device was then moved to the next desired 
point and the screen was tapped a second time to establish the ending location.  When 
using Moasure, the device was placed stationary against a solid object (ground, wall, or 
table) at the starting location and then moved to an ending location. The measurements of 
the known dimensions (such as the ruler) were taken first, for several reasons.  First, it 
was an efficient way to gain experience with the apps and provided operational repetition. 
Secondly, it was a useful method to assess accuracy; since the measurement of a ruler is 
already known, this eliminated any human error.  Replicate measurements were made 
since measurements slightly varied from one another. For instance, variability between 
each start and end point, distance of the device from the measuring points, and the angle 
in which the device was held all had an effect on the measurements; therefore, it was 
beneficial to accrue an average of ten replicate measurements.   
2.2.1 Measurements of Known Dimensions 
 
 12” Ruler in a well-lit environment-The following apps were used to measure a 
twelve-inch ruler: Measure, MagicPlan, Tape Measure, and Moasure.  The full length of 
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the ruler was measured ten times using the Measure app and measurements were 
recorded in inches.  The process was repeated for the remaining apps. 
12” Ruler in a dark environment-The following apps were used to measure a 
twelve-inch ruler in a dark room: Measure, MagicPlan, Tape Measure, and Moasure.  The 
ruler was measured ten times using the Measure app, and measurements were recorded 
(in inches).  The process was repeated for the remaining apps. 
8 ½ by 11-inch piece of paper-The following apps were used to measure a 
standard sheet of paper (8 ½ by 11 inches): Measure, MagicPlan, Tape Measure, and 
Moasure.  The width and length of the paper were measured ten times using the Measure 
app, and measurements were recorded (in inches).  The process was repeated for the 
remaining apps. 
3D object- Measure and Tape Measure were used to measure a candle with a 
height of 2.5 inches and a diameter of 2.75 inches.  The height and diameter of the candle 
were measured ten times using the Measure app and measurements were recorded (in 
inches).  The process was repeated for the Tape Measure app.  Moasure and MagicPlan 
were not used since they are limited to measuring longer distances, such as floorplans. 
Height of a Table-The following apps were used to measure the height of a table 
measuring 29.25 inches: Measure, Tape Measure, and Moasure.  The table height was 
measured ten times using the Measure app, and measurements were recorded (in inches).  
The process was repeated for the remaining apps.  MagicPlan was not used since it is 
made for measuring floorplans.   
2.2.2 Measuring Perimeters 
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Small Room-The following apps were used to measure the perimeter of a room: 
Measure, MagicPlan, Tape Measure, and Moasure.  The length of all four walls was first 
measured by using a standard tape measure.  Measurements were taken ten times and the 
results were recorded.  The time (in seconds) was also recorded for the amount of time it 
took to measure the room with the app and by hand. The process was then repeated using 
all of the apps. 
Outdoor scene-The following apps were used to measure the perimeter of an 
outdoor environment: Measure, MagicPlan, Tape Measure, and Moasure.  Four separate 
reference points were marked off, simulating the perimeter of a crime scene. The length 
of all four sides was then measured by using a standard tape measure.  Measurements 
were taken ten times and the results were recorded.  The time (in seconds) was also 
recorded for the amount of time it took to measure the space. The process was then 
repeated, using all of the apps. 
Meeting Room-The following apps were used to measure the perimeter of a 
meeting room: Measure, MagicPlan, Tape Measure, and Moasure.  The length of all four 
walls was first measured by using a standard tape measure.  Measurements were taken 
ten times and the results were recorded.  The time (in seconds) was also recorded for the 
amount of time it took to measure the room. The process was then repeated, using all of 
the apps. 
Outdoor scene in a rural environment- The following apps were used to measure 
the perimeter of an outdoor space in a rural environment: Measure, MagicPlan, Tape 
Measure, and Moasure.  The space measured was in a wooded area with uneven terrain in 
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Clancy, Montana. Weather conditions were overcast with moderate/heavy snowfall.  
Three separate reference points were first marked off.  The length of all three sides was 
then measured by using a standard tape measure.  Measurements were taken ten times 
and the results were recorded.  The time (in seconds) was also recorded for the amount of 
time it took to measure the space. The process was then repeated using all of the apps. 
2.2.3 Measurement of a footwear snow impression 
 
A shoe impression in the snow was first measured using a standard tape measure.  
The apps Measure and Tape Measure were then used to measure the length of the 
impression.  Measurements were taken ten times and the results were recorded (in 
inches).   
2.2.4 Bloodstain Pattern Measurements 
 
In order to make simulated blood, 44 grams of cornstarch was mixed with 80 mL 
of water.  160 mL of water was then added to the cornstarch-water mixture and mixed 
together until smooth.  8 grams of red food coloring and 2 drops of green food coloring 
were then added to the mixture and combined.  A kitchen knife dipped in the blood 
mixture was then used to create a cast-off pattern and several drip patterns on a large 
sheet of paper.  The expirated blood pattern was created by coughing up a small amount 
of the simulated blood onto a sheet of paper.  The stains were left to dry before they were 
measured.       
The length and width of the cast-off stain (Figure 11) and one large drip stain was 
first measured using a ruler (in centimeters) and results were recorded.  The apps, 
Measure and Tape measure were then used to measure the stains and results were 
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recorded.  For the expirated blood pattern (Figure 12), the length and width of the entire 
pattern was measured (in inches) using a standard tape measure, and results were 
recorded.  The length and width were measured from points where the individual 
bloodstain was found to be the furthest away from the rest of the individual stains.  The 
reasoning for this measurement was to assess the apps ability to measure overall length 
and width of an expirated bloodstain pattern. The apps, Measure and Tape Measure were 
then used to measure the bloodstain pattern and results were recorded.  The bloodstain 
pattern was measured in inches because it was a larger area to measure and the Measure 
app is limited to just measuring in inches.  The angle of impact was also calculated for 
the cast-off stain and the larger drip stain by the following equation: 
sin−1 ( width of stain/
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑡𝑎𝑖𝑛
)=Angle of Impact 
Figure 12.  Expirated Bloodstain Made from simulated blood.
Figure 11.  Cast-off Stain 
Made From Simulated Blood. 
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3. RESULTS  
 
 
3.1 Measurements of known dimensions 
 
Measurement of a 12” Ruler-The Measure and Tape Measure apps were the most 
accurate, both with average measurements of 11.8 inches.  However, the Measure app 
had the lowest standard deviation (.42 inches) compared to Tape Measure (.49 inches).  
MagicPlan was the least accurate, with an average measurement of 10.7 inches and a 
standard deviation of 1.2 inches (Figure 13 and Table 2). 
It was observed that when using the Measure app, the closer the device got to the 
ruler, the more accurate the measurements became.  However, if the device got too close, 
the app would not produce any measurements.  Since MagicPlan is made for producing 
floor plans and not measuring shorter distances, it seemed to be more accurate if the ruler 
was placed on the floor versus the table.  For the Tape Measure app, the device had to be 
recalibrated each time between measurements.  Additionally, the virtual data point would 
change color depending on the position of the device with regard to its angle and distance 
from the ruler. With regard to Moasure, it was difficult to be precise since the device used 
during this study had a case, and it had to be lined up to the finer lines of the ruler.  There 
was less bias with this app since the measurements were not displayed on the screen until 





Table 2. Table Displaying the Average Length and Standard Deviation of Four Application Based 
Measurement Approaches in Comparison to a Standard Measurement of a 12” Ruler.  Ten separate 
measurements were taken for each app, and then the average was calculated.  The standard deviation and % 
standard deviation were calculated based on those measurements. 
 
 
Figure 13. Bar Graph Displaying the Results of Four Application Based Measurement Approaches in 
Comparison to a Standard Measurement of a 12-inch Ruler.  The graph depicts the average 
measurement produced from each application.  The green bar represents the actual length of the ruler that 






  Measurement of an 8 ½ by 11-inch piece of paper- The Measure app was the most 
accurate, with an average measurement of 8.5 inches by 11 inches, although it did not 




















Application Average (inches) Standard Deviation % Standard Deviation 
Measure 11.8 0.42 3.6 
Moasure 12.9 0.71 5.5 
MagicPlan 10.7 1.2 11.2 
Tape Measure 11.8 0.49 4.2 
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.65 inches, Tape Measure had the lowest standard deviation of .19 inches.  However, 
Tape Measure was the least accurate out of all four apps (Table 3). 
For the Measure app, if the device was far enough away, it would automatically 
recognize and measure the dimensions of the paper.  When measuring the paper 
manually, the app would recognize the corners and edges of the paper and, essentially act 
like a magnet by latching onto each corner of the paper.  Some difficulties arose while 
using Tape Measure when aligning the virtual data point to the corners of the paper.  
Depending on the angle of the device, it would take some measurements that were 
inaccurate.  The device also had to be frequently recalibrated between measurements.  
MagicPlan took more accurate measurements by laying the piece of paper on the floor 
rather than on the table to measure.  It was able to take one continuous measurement 
rather than two separate measurements, which made the process more efficient.  
Additionally, the virtual green crosshairs made it easy to make sure the device was 
straight and aligned evenly with the paper. 
 
Table 3. Table Displaying the Average Dimension and Standard Deviation of Four Application Based 
Measurement Approaches in Comparison to a Standard Measurement of an 8 ½ by 11-inch Paper.  
Ten separate measurements were taken with each application and then the average was calculated.  The 
Standard Deviation was then calculated. 
 
Application Average Width (inches) Average Length (inches) Standard Deviation 
Measure 8.5 11 0.65 
Moasure 8.9 11.5 0.41 
MagicPlan 8.5 10.7 0.69 




Measuring a three-dimensional object-The Measure app was the most accurate, 
but it had a higher standard deviation compared to the Tape Measure app (Table 4).  
Moasure and MagicPlan were not able to be used for this part since MagicPlan is made 
for measuring floorplans and Moasure is made for measuring longer distances.  The 
accuracy of the measurements depended on the angle of the device and the distance 
between it and the candle.  Additionally, the diameter would vary since the virtual data 
point was never placed at the exact same spot each time.   
 
Table 4.  Table Displaying the Average Dimensions and Standard Deviation of Two Application 
Based Measurement Approaches in Comparison to a Standard Measurement of a Candle.    The 
actual dimensions of the candle, measured by a standard ruler, were 2.5 by 2.75 inches. 
 
Application Average Height (inches) Average Diameter 
(inches) 
Standard Deviation 
Measure 2.4 2.9 0.48 
Tape Measure 2.0 2.7 0.28 
 
 
Measuring a 12” Ruler in a Dark Environment-Measure and Moasure were the 
most accurate, with an average measurement of 12.3 inches.  The Measure app had the 
lowest standard deviation of .35 inches.  Tape Measure was the least accurate, with an 
average measurement of 13.5 inches and a standard deviation of 4.4 inches (Figure 14 
and Table 5). When comparing theses values to the values of measuring the ruler under 
well-lit conditions, both conditions produced average measurements that were off by .65 
inches.  Although, the values from the darker environment had on average a higher 
standard deviation (1.46 inches) compared to those in the well-lit environment (.71 
inches).   
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Measure experienced periodical glitches where the virtual data point would 
sometimes disappear.  The device would not calibrate in the dark and therefore had to be 
taken to a more lit environment to calibrate properly.  For Moasure, the lighting had no 
effect on the app or device itself.  When using MagicPlan, the device had to be calibrated 
in an environment with more light before bringing it into a darker space. The app still 
seemed to work well and was fairly accurate. Some glitches were experienced with Tape 
Measure, where the virtual data point would change colors a lot more frequently 
compared to it being in a space with more light, resulting in fewer glitches.  
 
Table 5. Table Displaying the Average Length and Standard Deviation of Four Application Based 
Measurement Approaches in Comparison to a Standard Measurement of a 12-inch Ruler in a Dark 
Environment.  Ten separate measurements were taken with each application and the average, standard 
deviation, and % standard deviation was then calculated. 
 
Application Average (inches) Standard Deviation % Standard Deviation 
Measure 12.3 0.35 2.8% 
Moasure 12.3 0.58 4.7% 
MagicPlan 12.5 0.52 4.2% 
Tape Measure 13.5 4.4 32.6% 
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Figure 14.  Bar Graph Displaying the Results of Four Application Based Measurement Approaches 
in Comparison to a Standard Measurement of a 12-inch Ruler in a Dark Environment.  The green bar 
represents the length of the ruler being measured. 
        Height of a Table- Moasure was the most accurate with an average height of 29.1 
inches and a standard deviation of .24 inches.  Tape Measure was the least accurate, with 
an average height of 27.9 inches and Measure had the highest standard deviation of 2.06 
inches (Figure 15 and Table 6).  MagicPlan was not included in this part since it is better 
suited for measuring floorplans. 
       Measure was less efficient at measuring vertical distances, to where the data point 
would constantly change or move around depending on the angle of the phone.  Sometimes 
the data point would automatically latch onto the edge of the table leg.  Moasure was more 
efficient compared to the other apps, although it was observed that if the device was set 





















Table 6. Table Displaying the Average Height and Standard Deviation of Three Application Based 
Measurement Approaches in Comparison to a Standard Measurement of the Height of a Table.  Ten 
separate measurements were taken with each app and the average, standard deviation, and % standard 
deviation was then calculated.  The actual table height was 29.25 inches 
Application  Average (inches) Standard Deviation % Standard 
Deviation 
Measure 27.6 2.06 7.5 
Moasure 29.1 0.24 0.82 
Tape Measure 27.9 0.44 1.6 
Figure 15.  Bar Graph Displaying the Results of Three Application Based Measurement Approaches 
in Comparison to a Standard Measurement of the Height of a Table.  The actual height measured by a 
standard tape measure was 29.25 inches. 
3.2 Measuring Perimeters 
Perimeter of a small room-Tape Measure was the most accurate and the fastest, 
with an average perimeter of 336.5 and an average time of 33 seconds, but it had a higher 

























with an average perimeter of 314.9 inches and the highest standard deviation of 14.5 
inches.  MagicPlan had the lowest standard deviation (5.1) and was the second fastest app 
with an average time of 37.7 seconds (Table 7 and Figure 16). 
           The Measure app was more challenging to use for longer distances since the device 
kept having to be recalibrated between measurements.  The virtual data point experienced 
frequent glitches depending on the position of the device or if there were any dark shadows 
in the way.  Moasure was difficult to use when using the “space” feature. There were 
several instances where the device didn’t recognize that it was on the wall, which would 
result in a delay in the start of the measurement process.  It may have been due to the 
position of the user’s hand, possibly covering up a sensor.  However, this app was easier 
to use when there were appliances or other objects in the way.  The app would also provide 
notifications if the device was moving too fast, too slow, or if it was not moving in a straight 
enough path.  All of these factors influenced the overall measurements of the room.  
MagicPlan and Tape Measure were the most efficient apps to use.  
Table 7.  Table Displaying the Results of Four Application Based Measurement Approaches in 
Comparison to a Standard Measurement of the Perimeter of a Room.  Ten separate measurements 
were taken with each app.  The average time it took to measure the room was calculated, along with the 
average perimeter, standard deviation, and % standard deviation.  
   
Application Average Time 
(seconds) 
Perimeter (inches) Standard Deviation % Standard 
Deviation 
Manual Tape 
Measure 78.8 335.8 0.15 0.04 
Measure 58.4 331.2 6.9 2.1 
Moasure 71.5 314.9 14.5 4.6 
MagicPlan 37.7 339 5.1 1.5 




Figure 16.  Bar Graph Displaying the Results of Four Application Based Measurement Approaches 
in Comparison to a Standard Measurement of the Perimeter of a Room.  Moasure had the widest error 




Perimeter of an outdoor scene-MagicPlan and Tape Measure were the most 
accurate, with an average perimeter of 494.8 inches and 493.34 inches, respectively.  
Tape Measure was also the fastest, with an average time of 26.6 seconds.  Moasure was 
the least accurate, with an average perimeter of 499.35 inches and a standard deviation of 
46.1.  It also took the longest, with an average time of 50.1 seconds (Table 8 and Figure 
17).   
When using Measure, the device had to be lowered closer to the ground in order 
to get an accurate reading.  The app was able to conduct one continuous measurement, 
rather than having to stop and recalibrate between points.  Moasure proved to be more 






























at each point, before moving it to the next point.  Depending on the speed at which the 
device was moved to the next point, the measurements would vary.  Therefore, the device 




Table 8.  Table Displaying the Results of Four Application Based Measurement Approaches in 
Comparison to a Standard Measurement of the Perimeter of an Outdoor Scene.  Ten separate 
measurements were taken with each app.  The average time it took to measure the room was calculated, 
along with the average perimeter, standard deviation, and % standard deviation.  
 
Application Time (seconds) Average Perimeter 
(inches) 




45.7 494.4 1.3 0.25 
Measure 29.4 479 1.6 0.33 
Tape Measure 26.6 493.34 1.9 0.39 
Moasure 50.1 499.35 46.1 9.2 




Figure 17.  Bar Graph Displaying the Results of Four Application Based Measurement Approaches in 
Comparison to a Standard Measurement of the Perimeter of an Outdoor Scene.  Moasure and 































Perimeter of a Meeting Room-MagicPlan was the most accurate, with an average 
perimeter of 562.6 inches and Tape Measure was the fastest, with an average time of 32.6 
seconds.  Moasure was the least accurate, with an average perimeter of 486.7 inches and 
a standard deviation of 42.5 (Table 9 and Figure 18). 
When using the “space” feature of the Moasure app, it became difficult to get 
accurate measurements.  The device had to be placed flat against each wall of the room.  
There were instances where the device was not able to recognize that it was on the wall, 
therefore the measurements would be off.  Additionally, when moving the device from 
one wall to the next, the device had to be moved in a steady and continuous manner.  If it 
was moved too fast or too slow, the measurements would be inaccurate.   
 
Table 9.  Table Displaying the Results of Four Application Based Measurement Approaches in 
Comparison to a Standard Measurement of the Perimeter of a Meeting Room. Ten separate 
measurements were taken with each app.  The average time it took to measure the room was calculated, 
along with the average perimeter, standard deviation, and % standard deviation.  
 
Application Time (seconds) Average Perimeter 
(inches) 




55 564.8 0.55 0.10 
Measure 41.2 544.2 4.2 0.77 
Tape Measure 32.6 555.9 5.2 0.94 
Moasure 61.9 486.7 42.5 8.7 




Figure 18. Bar Graph Displaying the Results of Four Application Based Measurement Approaches in 
Comparison to a Standard Measurement of the Perimeter of a Meeting Room . 
 
 
             Outdoor scene in a rural setting-Measure was the most accurate, with an average 
perimeter of 817.1 inches while MagicPlan had the lowest standard deviation of .96 inches.  
Tape measure was the fastest app with an average time of 36.5 seconds.  Moasure was the 
least accurate and it took the longest, with an average perimeter of 784.5 inches and an 
average time of 210 seconds (Table 10 and Figure 19).  Only two measurements were 
conducted with Moasure due to technical difficulties.   
           Moasure was not an ideal app for this type of environment.  After the second 
measurement set was taken, the screen froze and none of the features on the app would 
work properly.  Furthermore, the phone had to be placed on the ground so it got exposed 
to snow/water.  The terrain was also uneven and since the app requires that the device be 
laid on a flat surface, the data was inaccurate.  There were many calibration issues while 



























At one point during the measurement process, the device was not able to calibrate.  After 
moving onto a different app and coming back to the Tape Measure app, it was ultimately 
able to calibrate properly, and the remainder of the measurements were conducted.  While 
using MagicPlan there was one point where the virtual data point on the screen became 
“stuck” and it would not follow the camera, and consequently it would not measure 
correctly.  Although Measure was the most accurate app, there were a few instances where 
the virtual measurement lines on the screen of the device were not lined up correctly.  The 
starting point location moved to a different location once the ending point location was 
made (Figure 20).  While using the manual tape measure, there was some wind, thus it 
became difficult to get the tape measure in a straight line.  This led to a slight variation in 
measurements.   
 
Table 10. Table Displaying the Results of Four Application Based Measurement Approaches in 
Comparison to a Standard Measurement of the Perimeter of a Rural Environment.  Ten separate 
measurements were taken with each app.  The average time it took to measure the area was calculated, 
along with the average perimeter, standard deviation, and % standard deviation.  
 
 






59.2 818.2 4.3 0.53 
Measure 52.4 817.1 9.4 1.2 
Tape Measure 36.5 816.9 6.3 0.77 
Moasure 210 784.5 14.8 1.9 







Figure 20. Misalignment of Virtual Data Points from Measure Application. Once all of the 
measurements were taken, the virtual lines moved slightly from their original starting point. The red arrow 
indicates the starting point, and the yellow arrow indicates the misaligned ending point (which was supposed 




Figure 19.  Bar Graph Displaying the Results of Four Application Based Measurement Approaches 




Figure 20.  Misalignment of Virtual Data Points from Measure Application.  Once all of the 
measurements were taken, the virtual lines moved slightly from their original starting point. The red arrow 
indicates the starting point, and the yellow arrow indicates the misaligned ending point (which was supposed 






























Figure 19.  Bar Graph Displaying the Results of Four Application Based Measurement Approaches 




Figure 20.  Misalignment of Virtual Data Points from Measure Application.  Once all of the 
measurements were taken, the virtual lines moved slightly from their original starting point. The red arrow 
indicates the starting point, and the yellow arrow indicates the misaligned ending point (which was supposed 
































3.3 Measuring Footwear Snow Impression  
Measure was the most accurate app, with an average length of 12.05 inches 
compared to the actual length of 13 inches, while Tape Measure had a slightly lower 
standard deviation of .53. MagicPlan and Moasure were not used for this test since they 
are made for measuring longer distances, such as floorplans (Table 11 and Figure 23).  
 
Table 11. Table Displaying the Average Length and Standard Deviation of Two Application Based 
Measurement Approaches in Comparison to a Standard Measurement of a Footwear Impression 
in the Snow. Ten separate measurements were taken with Measure and Tape Measure. The average 
length of the footwear as well as the standard deviation, and % standard deviation were then calculated. 
The actual length of the footwear impression was 13 inches. 
 
Application Average Length (inches) Standard Deviation % Standard Deviation 
Measure 12.05 0.55 4.6 







3.3 Measuring Footwear Snow Impression 
 
         Measure was the most accurate app, with an average length of 12.05 inches compared 
to the actual length of 13 inches, while Tape Measure had a slightly lower standard 
deviation of .53.  MagicPlan and Moasure were not used for this test since they are made 
for measuring longer distances, such as floorplans (Table 11 and Figure 23).   
 
able 11.  Table Displaying the Average Length and Standard Deviation of Two Application Based 
easurement Approaches in Comparison to a Standard Me surem nt of a Footwear Impression in 
the Snow.  Ten separat  me surements wer  taken with Measure and Tape M asure.  The average length of 
the footwear as well as the standard deviation, and % standard deviation were then calculated.  The actual 
length of the footwear impression was 13 inches. 
 
Application Average Length 
(inches) 
Standard Deviation % Standard 
Deviation 
Measure 12.05 0.55 4.6 
Tape Measure 11.83 0.53 4.5 
 
Figure 21.  Aerial View of Rural Location Used to 
Measure a Set Perimeter Located in Clancy, 
Montana.
Figure 22.  Overall Photo of Rural Location Used 
to Measure a Set Perimeter.  The yellow triangles 
represent the measurement set points.
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Figure 23.  Bar Graph Displaying the Average Length of Two Application Based Measurement 
Approaches in Comparison to a Standard Measurement of a Footwear Snow Impression.  The actual 






Figure 24.  Screenshot of Footwear Measurement Using Tape Measure.  Measurements were taken from 
the heel portion of the impression to the toe portion, using the “point and shoot” feature of the app.  The 
green circle represents the “point” feature of this tool; the user places the green circle at one location and 


























Figure 25.  Screenshot of Footwear Measurement using Measure.  Measurements were taken from the 







3.4 Measuring Bloodstain Patterns 
 
            Cast-off stain- Tape Measure was the most accurate, with an average length of 1.88 
cm and 0.8 cm in width compared to the actual length of 2.02 cm and 0.91 cm in width.  It 
also had the lowest standard deviation (Table 12 and Figure 26). 
 
Table 12.  Table Displaying the Results of Two Application Based Measurement Approaches in 
Comparison to a Standard Measurement of a Cast-Off Stain.  Five separate measurements were taken 
with a ruler, followed by the apps Measure and Tape Measure.  The average length and width of the stain, 
as well as the standard deviation and angle of impact were then calculated. 
 




Ruler 2.02 0.91 0.07 26.7 
Measure 2.26 1.3 0.27 35.1 






Figure 26. Bar Graph Displaying the Results of Two Application Based Measurement Approaches in 
Comparison to a Standard Measurement of a Cast-Off Bloodstain.   
 
 
Expirated Blood Pattern- Measure was the most accurate with an average length of 21.4 
inches and 14.2 inches in width.  It also had the lowest standard deviation (Table 13 and 
Figure 27). 
 
Table 13.  Table Displaying the Results of Two Application Based Measurement Approaches in 
Comparison to a Standard Measurement of a Blood Stain Stain..  Five separate measurements were 
taken with a ruler, followed by the apps Measure and Tape Measure.  The average length and width of the 
stain was calculated, as well as the standard deviation. 
 




21.5 14.2 0.01 
Measure 21.4 14.2 0.02 
























Figure 27.  Bar Graph Displaying the Results of Two Application Based Measurement Approaches in 
Comparison to a Standard Measurement of an Expirated Bloodstain pattern.   
 
          Large Bloodstain-Tape Measure was the most accurate and had the lowest standard 
deviation, with an average length of 2.8 cm and 2.4 cm in width (Table 12 and Figure 28).   
         It was also observed while measuring the bloodstains that Tape Measure had to be 
calibrated more frequently compared to Measure.  It was also harder to conduct smaller 
measurements with the apps; the smaller the measurement one has to make, the more 
unsteady their hands will tend to be.  It was also noted that while using the Measure app, 




























 Table 14.  Table Displaying the Results of Two Application Based Measurement Approaches in 
Comparison to a Standard Measurement of a Large Bloodstain.  Five separate measurements were 
taken with a ruler, followed by the apps Measure and Tape Measure.  The average length and width of the 
stain, as well as the standard deviation and angle of impact were then calculated. 
 




Ruler 3.04 2.5 0.03 55.3 
Measure 4.04 2.5 0.27 38.2 
Tape Measure 2.8 2.4 0.20 59.8 
 
 
Figure 28. Bar Graph Displaying the Results of Two Application Based Measurement Approaches in 




























Figure 29.  Screenshot from the Measure App While Measuring the Large Bloodstain.  As the 










































While many industries are using measurement apps, those within the field of 
forensics are reluctant to rely solely on these apps, mainly because there is limited 
scientific knowledge within this field. Law enforcement agencies prefer to rely on apps 
more curtailed to the field of forensics, such as MagicPlan CSI, Crime Pad, and World 
Drugs DB (23).  These applications were not evaluated in this study, as they are made 
for more specific tasks such as identifying illegal substances and documenting the crime 
scene as a whole, rather than just measurements.    As more focus and scrutiny has been 
put on forensics, more standards and control measures have been put in place in order to 
make sure new scientific methods are admissible in the court of law.  Therefore, all of 
these the methods must be reliable and subject to quality assurance and quality control 
(25).   
While the purpose of this study was to serve as an exploratory evaluation of four 
measurement apps available today, it also provided detailed insight into the functions of 
these apps for use in crime scene documentation.  Findings on the accuracy, feasibility, as 
well as advantages and limitations of the apps were established. 
 
4.1 General Observations 
 
             All the apps were effective at measuring the various distances, while some were 
more accurate and efficient than others.  This study found that both MagicPlan and Tape 
Measure were the best apps overall relative to accuracy and efficiency. Although 
MagicPlan is best suited for indoor floorplans, it can be manipulated to be used for outdoor 
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use.  When using the app outdoors, the user must be sure that there are set reference points 
to conduct measurements.  Moasure was better at shorter distances and vertical distances, 
however it did not perform as well with larger perimeters.  The Measure app performed 
well with a wide range of distances and situations.  In terms of crime scene documentation, 
it would be best if this app was used primarily for shorter distances and measuring evidence 
(such as footwear, tire impressions, etc.).    
         All of the apps could potentially be used in rural environments since they don’t rely 
on wireless internet or a cell phone signal, although the user needs to be mindful of weather 
conditions, since heavy precipitation and extreme temperatures can negatively affect the 
smartphone or tablet.  The apps can also unpredictably stop working or have difficulty 
calibrating.  Therefore, the apps should not be relied upon exclusively in more extreme 
environments.   
         When measuring smaller distances such as bloodstains, the apps serve as a quick and 
easy preliminary tool for investigators to use at a scene.  These apps should not be the only 
tool when conducting bloodstain pattern analysis, though.  Since the Measure app can only 
measure in inches (and the other apps are only able to measure in centimeters), it is not a 
preferable tool to use because bloodstains are typically measured in millimeters.  The Tape 
Measure app would be a more reliable option.  When calculating the impact angles for the 
bloodstains and making comparisons against the true values, the angles were substantially 
different from one another.  Even though the dimensions were off by a seemingly 
insignificant amount, this still greatly affected the impact angles.  In conclusion, the apps 
can be best utilized for measuring large bloodstained areas versus a single drop of blood. 
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4.3 Advantages  
 
         One discernable advantage of these apps over traditional techniques is that they 
eliminate the need for a pencil and paper and therefore remove an extra step in the 
documentation process. The ease of use eliminates the need for another person to record 
measurements in the measurement log.  Numbers are automatically recorded and saved to 
the device, where they can be later transferred to a computer. Furthermore, some of the 
apps (MagicPlan and Tape Measure) are able to automatically generate a floorplan once 
all the measurements have been taken.  The user doesn’t have to manually enter in any 
numbers from their measurement log into a computer software program in order to create 
a floorplan. 
            Another advantage of the apps are the virtual colored lines and data points on the 
display screen of the device, something a traditional tape measure does not have.  This 
feature makes it easier for the user to make sure they are on a straight path and that 
everything is lined up correctly.  Furthermore, the smartphone acts as a second camera at 
the crime scene, and allows the user to take pictures of the scene with the virtual measured 
lines embedded in the picture.   
            Another benefit of the measurement apps is that they are less destructive compared 
to traditional techniques.  Even though it is difficult to use the apps with furniture in the 
room, users are still able to measure through furniture.  This is highly advantageous for 
crime scenes, as it is less destructive and reduces the risk of contamination or moving and 
destroying evidence.   
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4.4 Alternative Tools and Uses 
 
           Tape Measure and Moasure have several different additional features that could be 
utilized for crime scene use, other than measuring. The laser level found in both apps could 
be useful to determine the flow of any liquids or biological fluid left at a crime scene.  The 
device could be placed on the surface and investigators could determine the direction of 
flow of a biological fluid present. The stud finder in the Tape Measure app could be helpful 
to investigators when searching for metal, such as spent projectiles.  Although many crime 
scene technicians will most likely have a metal detector available, the stud finder tool might 
be beneficial as a backup.  Additionally, Tape Measure has a triangulation tool and a wall 
draw tool, both of which could be used to map evidence.  The triangulation method is one 
way in which investigators are able to map or fix evidence within a scene.  The 
triangulation tool would make this process easier for investigators.  The wall draw feature 
could be useful for analyzing bloodstain patterns on a wall, where the virtual grid feature 
on the wall could allow one to easily assess and measure the bloodstain.  Older techniques 
for analyzing bloodstain patterns can be destructive.  This includes placing a string on the 
bloodstain and pulling the string in a direction to determine the source of impact (26).  
Moasure has a thickness tool (used to measure the thickness of walls) and an angle tool, 
both of which could be used for bullet trajectory or distance analysis.  Investigators could 
potentially use the thickness tool to aid in assessing how far a given bullet went through a 
wall.  The angle tool could be used for analyzing bullet trajectory or even the angle of 
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bloodstains.  While these tools shouldn’t be relied solely upon by investigators for forensic 
analysis, they could still potentially serve as a quick and easy preliminary tool. 
            Additionally, the apps could serve as a quick and easy way to measure and 
document more transient evidence at a scene.  Trace and pattern evidence such as footwear 
impressions and fibers can easily go unnoticed.  If investigators have their smartphone with 
them, they can quickly measure and document the evidence.  Furthermore, smartphones 
can also act as a way to geotag locations of evidence.  Most smartphones are able to provide 
a GPS location of every picture that was taken with that phone.  This might be helpful for 
providing a spatial distribution of evidence, especially in outdoor crime scenes where 
evidence is spread out over a large area.    
           When measuring something such as footwear left at the scene, the length of the 
footwear can provide shoe size range and a height range of the individual.  Investigators 
can then easily narrow down certain features they’re looking for and easily eliminate 
footwear impressions left by others at the scene (such as paramedics and other first 
responders).  For example, a twelve-inch shoe impression is equivalent to a size 10 ½ to a 
size 12 shoe, which can further be categorized into an individual with an estimated height 
range of 6’0” to 6’4” (27).  Although it should be noted that foot length measured by 
calipers on the shoe itself is more accurate than measuring a shoe impression.  One study 
found that the average difference between the two methods was approximately 14 mm (28).  
Nevertheless, it’s still an effective way to get an estimate rather than a true value, of 
someone’s height.   
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4.5 Limitations and Challenges  
 
One disadvantage of all of the AR based measurement apps is that they need to be 
calibrated in the light, therefore those apps cannot be used for all situations such as an 
outdoor night crime scene.   
It was also noted that during this study, the measurements slightly varied 
depending on the angle the phone was being held at and it will therefore likely vary from 
person to person.  Instances have been noted where smartphone sensors are unreliable 
due to the orientation of the smartphone.  If the orientation is askew, or not relative to 
north, it can in turn give an incorrect distance, and the apps don’t always notify the user if 
it is off.  Some apps, such as MagicPlan, also rely on wireless internet and a cellular 
tower for GPS locations.  In addition, some phones turn off the GPS sensor when it’s not 
in use, in order to save battery power.  This in turn affects the accuracy.  Tall buildings 
and weather conditions can also block or interfere with the sensors within the smartphone 
(25).   
The basis of the sensor system within these apps relies on detecting whether or 
not the user is moving.  The estimation of the user’s step count and step length are 
important factors to assess when examining the accuracy of the sensors.  One study 
suggested that they could increase the accuracy of these sensors by adding a PDR 
(pedestrian deck reckoning) algorithm, to where it could more accurately identify and 
provide the user’s orientation.  The authors argued that this would be more reliable and 
accurate compared to traditional sensors (accelerometer and gyroscope) (29).   
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          While few problems were encountered with the tracking device of the smartphone 
in this study, it proved to be more of a challenge with outdoor environments, especially 
when measuring in the more rural setting.  There is still ongoing research on how to 
improve AR systems in “unprepared environments”, as the tracking system relies on 
natural features within the environment.  A Single Constraint At A Time (SCAAT) 
algorithm was recently developed to improve the tracking devices within smartphones.  It 
works by incorporating several measurements at once (in real time) which has proven to 
result in faster rates and increased accuracy (19).   
          As stated previously, there were a few technical issues when it came to using the 
apps in a more rural environment.  The contributing factor to these glitches may very well 
have been the weather, as it was 25F and snowing.  One study looked at the relationship 
between colder temperatures and smartphone performance.  It was shown that the colder 
the temperature, the lower the output and accuracy of the smartphone.  The study also 
found an increase in error rate of the phones in colder temperatures (30).  The performance 
of the sensors as well as the screen become compromised in extreme temperatures.  The 
sensors have accuracy issues and the liquid crystals (responsible for directing light into the 
individual pixels, which make up an image on the display screen) slow down within the 
phone’s screen in extreme cold (31).  Extreme heat also has the same effects on smartphone 
performance.  Therefore, in instances of extreme weather conditions, the apps should not 
be relied upon exclusively for crime scene measurements.   
One of the biggest challenges faced in this study was the Moasure app.  Based on 
the inaccurate measurements and higher standard deviations (Table 13), this would not be 
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a suitable choice for crime scene measurements.  This company also has a handheld 
device that can be used to conduct all types of measurements that the app offers.  The 
smartphone is just limited to measuring distance, height, and the space of a room.  It 
would be interesting to see how the device would differ from the phone in terms of 
accuracy.  More problems were encountered with the “space” feature of this app.  The 
sensors were not always able to recognize when the phone was moving, and it was very 
sensitive to sudden or abrupt movements.  All of these factors significantly influenced 
and skewed the results.  Moasure could be an effective app, but users would have to 
conduct several practice sessions before it’s used for more important measurements.  The 
distance feature of the app worked well for shorter distances as well as vertical distances, 
however, the vertical distance is limited by how far the user can reach since it relies on 
placing the device from one surface to another.  The device needs to also lie flat, which 
could be more difficult in scenes without a flat surface.  One advantage of this app is that 
it is not affected by a change in light, therefore it can be used in scenes with little to no 
lighting.   
 
Table 15.  Table Displaying the Total Average Standard Deviation of Four Application Based 
Measurement Approaches. The standard deviations calculated from all measurement sets were averaged 
together.  N represents the total number of replicates for the measurement sets throughout the course of the 
evaluation replications. 
 
Application Total Average Standard Deviation 
Measure 2.07 (n=105) 
Tape Measure 2.12 (n=105) 
MagicPlan 4.83 (n=60) 
Moasure 14.97 (n=72) 
 
63 
          While many may argue these apps save time, one study found that note taking time 
increased by a factor of 1.63 when using an app versus using pen and paper.  They 
contended that a touchscreen on a smartphone or tablet can be hard to handle and can also 
take some time for new users to learn how to use it (32). Others have found that the apps 
lack a degree of freedom like one has when using a pen and paper (23).  Another point was 
made that apps can introduce bias.  Since the app makes things easier for the investigator, 
it also removes some of the investigator’s responsibilities, and in turn gives them a sense 
of tunnel vision.  Consequently, they might not be as thorough as they should be and they 
could miss important details of the scene (23). Although both MagicPlan and Measure are 
simplistic apps with little to no extra tools, some may argue that to be an advantage.  More 
tools and options available to investigators could create too much of a reliance on 
technology and less critical thinking.   
     
Table 16.  General Overview of the Feasibility, Accuracy, Distance Coverage, and Outdoor Use of the 
Measurement Apps.  Feasibility for crime scene use, accuracy of measurements, distance and outdoor use 
were examined. 
 
Application Feasibility Accuracy Long Distances Short Distances Outdoors 
Measure *** *** ** *** ** 
Tape Measure **** **** **** *** *** 
Moasure * ** * *** * 
MagicPlan **** **** **** ** *** 
*- responds poorly to the objective 
**- satisfying response to the objective  
***- responds well to the objective  





4.6 Future Considerations   
 
          Some future considerations would be to look at how different models of smartphones 
and tablets compare to one another and looking more specifically at how the sensors differ 
between devices.  One company developed an application for analyzing various 
smartphone sensors.  With over 60 different models of smartphones, each model will have 
a different number of sensors and different quality of sensors.  The application is able to 
analyze the statistical parameters of the smartphone sensors, which in turn provides more 
information with regard to the phone’s performance.  This could be helpful for developers 
of cross platform applications, since variability is a major challenge for these companies 
(33). Another study could examine the use of smartphone geotagged photos for 
reconstructing the distribution of evidence in outdoor scenes since most smartphones are 
able to provide a GPS location of every picture that was taken with that phone.  Another 
study should examine how the measurements can vary between individuals.  The height of 
the person and the speed in which one walks is going to have some effect in the way the 
sensors of the phone gather data.  Furthermore, the accuracy of the apps should be 
compared to more advanced measurement techniques such as a laser or total station.  
Finally, additional tests should be conducted on the other tools these apps have, such as the 
laser level, angle tool, and stud finder.  The accuracy as well as the practicality of these 




5. CONCLUSION  
 
         This study illustrated many advantages and disadvantages of using measurement apps 
for crime scene documentation.  Since smartphones are prevalent within our society, it 
seems like a natural progression for crime scene documentation.  However, there are still 
improvements that must be made before they can be used exclusively for crime scene use, 
but they serve as a viable interface between paper/pencil and more advanced 
documentation techniques.  These apps are a convenient resource to have on hand for 
investigators, as they are fast, easy to use, and reliable.  Despite the continuing 
advancements of various smartphone apps and other new technologies, investigators must 
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